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Introduction
Mental illness in college students is a significant public health problem, but only a small minority of students have received adequate and timely treatment 1 . Entering college represents a demanding transition to adulthood 2 and in some cases mental health problems have pre-matriculation onsets 1 .
More specifically, anxiety disorders during college years have been associated with tobacco use and sleep problems 3 or even low academic performance 4 . Generalized anxiety disorder seems to be one of the most frequent diagnoses 5, 6 and its chronic course 7 and negative impact on quality of life is recognized 8 . Some studies using epidemiologic samples indicate that this specific disorder and alcohol or drug use co-occur and are associated 9, 10 . According to the research by Conway et al. 9 , drug use appears as a way of auto-medicating generalized anxiety disorder symptoms. Thus, early detection of generalized anxiety disorder becomes critical, depending on the administration of appropriate and reliable measures.
The Generalized Anxiety Disorders 7-item (GAD-7) scale, originally validated for primary care 11 , came to fill a gap in the evaluation of generalized anxiety disorder and replace other measures, e.g., the Hospital Anxiety and Depression Scale (HADS) by Zigmond & Snaith 12 and the State-Trait Anxiety Inventory-Y (STAI-Y) by Spielberger et al. 13 that assessed global anxiety symptoms without an objective quantification of generalized anxiety disorder symptoms. As a short and objective self-report measure showing strong properties as a screening tool 11 , researchers have tested its psychometric characteristics in several settings. In this context, over the last decade, GAD-7 has been presented as a reliable and valid questionnaire in different languages 14, 15, 16, 17, 18 including Portuguese 19 , with heterogeneous psychiatric samples 20, 21 for specific medical conditions 22, 23, 24, 25 in the general population 26 and in geriatric samples 27 . However, the one-dimensional nature of GAD-7 proposed by the original model is not consistent in the literature. A good fit of the one-factor structure has not been confirmed in psychiatric samples 20, 21 or tested in non-clinical communities of college students, limiting the administration of GAD-7 as an alternative measure to detect generalized anxiety disorder in an academic setting.
Factor structure is a strong indicator of validity, contributing to defining which issues should be considered in evaluating a construct. Given that generalized anxiety disorder is accompanied by symptoms of an autonomic/physical and cognitive nature 28 , included as diagnostic criteria for GAD-7, an one-dimensional approach to the construct may have implications for screening, even in community samples. The assessment of generalized anxiety disorder is difficult due to the overlaying of somatic symptoms in anxiety disorders, such as irritability and agitation 29 . The GAD-7 tool has even shown sensitivity to other disorders, such as panic disorder, social phobia and post traumatic stress disorder 30 . Accordingly, an independent assessment of items of a somatic/physical and cognitive-emotional nature related to the experience of generalized anxiety disorder may be a solution for the identification and proper treatment of this problem in the university.
Based on the findings of Kertz et al. 21 , our main aim was to develop confirmatory factor analysis (CFA) to compare the original one-factor model fit with a model of two latent factors. These authors examined the factorial validity of GAD-7 using CFA procedures and demonstrated the hypothesized one-dimensional model did not fit to the data in a psychiatric sample. Therefore, the model was respecified allowing the error terms of items 4 ("trouble relaxing"), 5 ("being so restless that it is hard to sit still") and 6 ("becoming easily annoyed or irritable") to covary. With this procedure, the model provided a better fit, showing, as suggested by the authors, that the items presented a shared unique variance that could reflect a somatic tension/autonomic arousal factor 21 . Beard & Björgvinsson 20 later confirmed the failure of the one-factor structure. In their research, a better fit was found for a multidimensional factor structure considering items 4, 5 and 6 as indicators of an independent factor. Thus, in line with the findings of these two studies, we considered this model of two latent factors with three somatic items (trouble relaxing, agitation and irritability) and four cognitive-emotional items. Moreover, we went beyond other studies by evaluating resistance of the best fit factor structure to gender differences in the manifestation of anxiety, consistently presented in the literature 31 , and construct validity within a community sample. More specifically, our objectives were: (i) examine the factor structure of the GAD-7 comparing the one-dimensional model with the two-factor model (somatic and cognitive-emotional latent factors); (ii) test the measurement invariance of the factor Cad. Saúde Pública 2017; 33(9):e00212716 structure of GAD-7 across gender; (iii) explore the construct validity (mainly convergent validity) of the tool associating it with other measures that assess constructs, such as anxiety, depression and consumption behaviors.
Materials and methods

Participants and procedures
This validation study with data collected cross-sectionally was approved by the Polytechnic Institute of Coimbra, Coimbra, Portugal, and data came from a web-based survey of college students' mental health and health risk behaviors. The link to the survey was distributed in the six schools of the Institute through external relations offices, on-line newspapers and students' mailing lists. Seven point one percent of the students were surveyed in person at the psychology offices of the Social Services of the Polytechnic Institute of Coimbra and Higher Engineering Institute of Coimbra. The research objectives, procedures, benefits and risks were presented on the first page of the survey, emphasizing the voluntary and anonymous character of the research. Informed consent was signed by all participants and in on-line surveys "I agree" or "I do not agree" buttons replaced signatures. The final sample was composed of 1,031 Portuguese college students. The inclusion criteria were: (i) attending a college course and (ii) being 18 years or more. Self-report measures were administered through a single online access.
Measures
• Sociodemographic questionnaire: the sociodemographic questionnaire includes items about educational status (study cycle, training area, etc.) and medical and psychiatric history (medication, previous psychological counselling, etc.).
• GAD-7: the GAD-7 is a seven-item scale that assesses general anxiety symptoms mentioned in the DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, 4 th edition). In this self-report measure, participants were asked to rate their anxiety-related problems during the two weeks prior to administration of the questionnaire on a 4-point scale (0 = not at all, to 3 = nearly every day). The total scores range from 0 to 21 and higher scores in GAD-7 were associated with more severe generalized anxiety. Regarding severity categories, we followed the recommendations of the original authors 11 : none/ normal (0 to 5 points), mild (5 to 9 points), moderate (10 to 14 points) and severe (15 to 21 points). The psychometric properties of the GAD-7 Portuguese version 19 were studied using a psychiatric sample with diagnosis of generalized anxiety disorder according to DSM-IV-TR criteria 28 . The GAD-7 presented a one-dimensional structure and good internal consistency (α = 0.88).
• HADS: the HADS was used to assess college students' anxiety and depression 12 as a convergent measure of GAD-7. This self-report questionnaire is composed of two subscales with seven items assessing anxiety (HADS-A) and depression (HADS-D). Participants are asked to give their answers according to a 4-point scale (0-3). Each subscale is scored separately and the severity of symptoms follows the following classification: normal (0 to 7 points), mild (8 to 10 points), moderate (11 to 14 points) and severe (15 to 21 points). The HADS has shown good psychometric properties in clinical and non-clinical settings 32, 33 , and the Portuguese version 34 presented good internal consistency with alpha values ranging from 0.76 and 0.81. In the present study, Cronbach's alpha values were 0.84 for HADS-A and 0.80 for HADS-D.
• University Student Risk Behaviors Questionnaire: by Santos 35 , this self-report measure was used to test the sensitivity of GAD-7 to consumption behaviors. The University Student Risk Behaviors Questionnaire is composed of 24 items assessing risk behaviors of university students within six categories (1) tobacco use; (2) consumption of alcohol and other drugs; (3) sexual behaviors; (4) eating habits; (5) physical inactivity; (6) risk driving behavior. Participants are asked to answer it using a 5-point scale (1-5) but each item is individually analyzed. Considering the objectives of this study, only nine questions associated with the frequency of the consumption behaviors in the last 30 days were considered in our analysis (for example, "During the past 30 days, on how many days did you smoke cigarettes?").
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Statistical methods
The factor structure of GAD-7 was explored through CFA using MPlus, version 6.12 (Muthén & Muthén, Los Angeles, USA). The two models were tested (one-factor model vs two-factor model) Using weighted least squares with mean and variance adjustment (WLSMV) given the categorical nature of the measure 36 . More specifically, the two-factor model included as latent factors, a cognitive-emotional factor composed of items 1, 2, 3 and 7, and a somatic factor integrating items 4, 5 and 6. The chi-square test (χ 2 ) is recommended to assess the magnitude of the discrepancy between hypothesized and observed models 37 . A non-significant χ 2 is expected for a good model fit 38 . However, considering the sensitivity of the χ 2 statistic to large samples 39 , we also evaluated other fit indexes recommended by Hu & Bentler 37 : (i) the comparative fit index (CFI), which compares the sample covariance matrix with an independence model (all indicators' variables were zero) and (ii) root-mean-square error of approximation (RMSEA), which demonstrates how the parameters estimation would fit the population covariance matrix. The weighted root mean square residual (WRMR) generated by MPlus was also included to measure the weighted difference between sampling covariance and population covariance. Thus, the criteria for a good model fit were CFI ≥ 0.95, RMSEA < 0.06 36 and WRMR < 1.0 40 . Considering that none of the proposed models had a fair fit, MPlus derived modification statistics were examined. A modified one-factor model, which was not initially hypothesized, allowing the error of items 4 and 5, and 5 and 6 to covary was also tested to check if it would improve the fit.
In addition, the multiple-group analysis was also conducted to assess the invariance of the best-fit model across male and female groups. The configural and metric invariance was explored based on the definitions proposed by Dimitrov 41 . First, we established the same pattern of factors and loadings across gender. The model was run with factor loadings and item thresholds freely estimated in both groups, the scale factor fixed to 1 and mean fixed to zero. This unconstrained model was compared with an equally constrained model using the DIFFTEST chi-square procedure in MPlus.
Finally, to examine the convergent validity between GAD-7 and HADS measures, the IBM SPSS version 24 (IBM Corp., Armonk, USA) was used. Pearson correlation coefficient and analysis of variance were performed considering GAD-7 as a continuous and categorical variable, respectively. The distribution within the severity bands of the two questionnaires was also examined with χ 2 . Spearman's rank correlation coefficient was used to test the association between GAD-7 and consumption behaviors.
Results
Participant characteristics
The final sample included 1,031 college students: 739 females and 292 males. Most students were single (87.3%) and more than 50% were attending health (32.1%) or social science (26.2%) courses. Among college students, 74.4% were studying towards a first degree, 16.6% a master degree and 8.7% a PhD. Fifty nine point two percent of the students were living away from home. Regarding clinical variables, 14.8% of participants were taking regular medication for chronic diseases (for example, hypo/hyperthyroidism, asthma and diabetes) or for other medical conditions and 7.1% had received psychological counselling. In our sample, considering the GAD-7 cut-off criteria, 32.8% of students had significant generalized anxiety symptoms (scores ≥ 8) 30 . More specifically, regarding the GAD-7 score 11 , 36.3% of the total sample reported mild anxiety symptoms, 15.6% moderate symptoms and 8.3% severe symptoms.
Comparing GAD-7 one-factor and two-factor models CFA was performed to evaluate the one and two-factor models. The original single-factor model included all seven items loading onto single generalized anxiety. The two-factor model integrated four cognitive-emotional items and three somatic items. The χ 2 value was significant for both models (p < 0.001) as shown in Table 1 . This value is sensitive to sample size, indicating significant misfit even in good fit models 42 . Therefore, other fit indexes were considered, providing a marginal fit of the original model. The cut-off criteria of CFI ≥ 0.95 was fulfilled but RMSEA was higher than 0.06 and WRMR was higher than 1. Comparing the two factorial structures, the one-factor model was more parsimonious, presenting a lower number of parameters. The multidimensional structure presented a relatively better RMSEA index, but the value remained above 0.06. Regarding the WRMR index, data confirmed that the weighted mean difference between sampling and population covariance was lower for the two-factor model, being within the cut-off criterion (WRMR < 1). All standardized factor loadings for the two-factor model were significant (p < 0.001) and ranged from 0.592 to 0.752 for the cognitive-emotional latent factor and from 0.717 to 0.831 for the somatic factor. The variance residual was close to zero. Both factors presented good internal consistency (Cronbach's alpha values of 0.85 and 0.86 for cognitive-emotional and somatic factors, respectively). Despite this, data reported an excessively high correlation between the two latent factors (r = 0.961; p < 0.001) indicating that their constructs may be better modeled as a single construct 43 . Based on examination of the modification indices, a modified one-dimensional model allowing the residual variance for items 4 and 5, and 5 and 6 was examined. A similar model was proposed by Kertz et al. 21 , but here the error terms 4 and 6 did not covary. This modified model showed an improved fit relative to the baseline model (Table  1) . More specifically, RMSEA was 0.062, indicating that the model parameters more closely replicated the population covariance compared to the first two models tested. Following the recommendations of MacCallum et al. 44 , this value can be accepted as an indicator of a fair fit. Additionally, CFI and WRMR indexes confirmed a well-fitting model. The factor loadings of the modified single-factor model are shown in Figure 1 .
Testing GAD-7 factor invariance across gender: a multiple-group CFA
To examine the invariance of the modified one-factor model across gender, a multiple-group CFA was performed ( Table 2 ). The fit model with both groups was estimated, suggesting an acceptable fit based on CFI and RMSEA indexes (CFI = 0.996; RMSEA = 0.052; 90%CI: 0.039-0.065). A DIFFTEST procedure was used to test the metric factorial invariance model. Significant differences were found between men and women (χ² (4) = 43.074; < 0.001). However, due to this large sample size, the chi-square test can be misleading. So, ΔCFI (CFI constrained -CFI unconstrained) was examined, being more appropriate for large samples 45 . The ΔCFI was -0.002 confirming the invariance between genders.
Construct validity of the GAD-7
Scores on the GAD-7 were strongly associated with scores on the HADS for the total sample. Results showed that HADS-A (r = 0.76; p < 0.001) and HADS-D (p < 0.54; p < 0.001) were positively correlated
Figure 1
Modified one-factor model: the best fitting model.
Note: standardized estimates based on confirmatory factor analysis (CFA). All factor loadings were significant statistics (p < 0.001).
Table 2
Summary of multiple-group confirmatory factor analysis (CFA): standardized coefficients. with GAD-7. Considering differences across the GAD-7 severity groups after controlling the effect of age and gender, we confirmed that participants with increasing generalized anxiety symptoms tended to report higher HADS-A and HADS-D scores (p < 0.001; Table 3 ). This data suggested that this scale assesses anxiety status and can be sensitive to depressive symptoms among students. Regarding distribution within cut-off bands in GAD-7 and HADS-A, significant differences were found (χ 2 = 603.36; p < 0.001), but the classification in this measure was not completely independent. College students with scores in the "normal" band (scores < 8) in HADS-A also reported normal or mild anxiety symptoms in GAD-7 (M = 4.20; SD = 3.41). As shown in Table 4 , significant correlations were found
Cad. Saúde Pública 2017; 33(9):e00212716 Table 3 Relationship between Generalized Anxiety Disorder 7-item (GAD-7) score and Hospital Anxiety and Depression Scale (hADs).
Level of generalized anxiety symptoms HADS-A HADS-D Mean (95%CI) Mena (95%CI)
Normal (0- Note: all pairwise comparison of mean scores between each GAD-7 level within each measurement are significant at p < 0.001 using Bonferroni correction.
Table 4
Relationship between Generalized Anxiety Disorder 7-item (GAD-7) score and tobacco, alcohol and other drugs use. between tobacco use and consumption of at least one alcoholic beverage and GAD-7 total score. However, only the positive association between GAD-7 scores and consumption of tranquilizers or barbiturates (without medical consent) had a greater effect size although still small (r = 0.199; p < 0.001).
Consumption behavior
Discussion
To our knowledge, this is the first study to provide comprehensive validation of the GAD-7 using a sample of college students. Responding to our main aim, we confirmed the measurement model of the GAD-7 scale showing that a multidimensional structure did not fit the data well. This tool also reported good convergent validity with other measures that assess related constructs, such as global anxiety and depression, but low sensitivity to consumption behaviors.
More specifically, regarding the factorial structure of the measure, our findings proposed a modified one-factor model as an acceptable solution. The original factorial model presented an overall marginal fit, but its respecification considering the dependency of items 4 ("trouble relaxing") and 5 ("being so restless that it is hard to sit still"), and 6 ("becoming easily annoyed or irritable") showed a better fit with the population covariance matrix. Although these items obviously share residual variance over and above what is accounted for by the main latent construct, a two-factor model including autonomic/physical and cognitive nature of the symptoms as independent factors was not appropriate within the academic setting, considering our representative sample.
First, contrary to the model tested by Kertz et al. 21 , items 4 and 6 are of a somatic nature but their error terms did not covary. Secondly, the correlation close to unit between factors included in the two-factor structure (3 somatic items and 4 cognitive-emotional items) indicated that they could not be easily differentiated. A multidimensional structure of the GAD-7 may be appropriate for heterogeneous psychiatric samples, as shown by Beard & Björgvinsson 20 , but not for non-clinical samples. However, the clinical judgement of the health professional should consider the somatic and cognitiveemotional nature of generalized anxiety disorder symptoms, minimizing the confusion with other anxiety diagnoses that, as shown by Ruscio et al. 29 , have overlapping symptoms. Additionally, the proposed modified single factor model resisted gender differences and it is therefore generalizable. Configural invariance was confirmed and multiple-group CFA using DIFFTEST supported the assumption of metric invariance across men and women.
When we examined the convergence between GAD-7 and HADS-A and HADS-D measures, the results showed a monotonic increase in HADS-A and in HADS-D scores with increasing GAD-7 scores. This finding indicated the sensitivity of the generalized anxiety disorder tool to anxiety status but also to depressive symptoms, although with a smaller effect size, showing some discriminant validity of the measure. The relationship with depression is not surprising since GAD has been reported as a predictor of mood disorders 29 , which can later coexist 46 . Comparing the severity bands of GAD-7 with HADS-A bands, just like the recent conclusions by Sousa et al. 19 , the classification in this measure was not completely independent. However, distribution differences confirmed in our analysis point to GAD-7 as an equally valid measure to assess anxiety symptoms, but more specifically, to assess symptoms of generalized anxiety disorder.
Furthermore, the association found between GAD-7 scores and consumption of tranquilizers or barbiturates (without medical consent) was also an indicator of the tool's construct validity. Despite the small effect size of this association, our data may indicate the sensitivity of the tool to this specific type of consumption. Moreover, some university students can try to minimize generalized anxiety disorder symptoms through self-medication. Thus, this relationship should be explored in future studies of this construct and, more rigorously, the predictive validity of this measure for this specific consumption. Nonetheless, the associations between generalized anxiety disorder and alcohol and substance use present in the findings of Conway et al. 9 and Grant et al. 10 have not been shown, confirming the low sensitivity of the measure to these consumption behaviors in our college student sample.
To summarize, our study proposes the Portuguese version of GAD-7 as a short and valid tool for evaluation of generalized anxiety disorder in university students, replacing more general measures. Despite this, some limitations should also be considered when interpreting the results. First, to confirm the factorial model of GAD-7, only college student samples collected in Portugal were used. Secondly, data collection was predominantly web-based, increasing participation bias 47 . Therefore, it should not be concluded that this model is applicable to all college students within other cultures/ languages. Additionally, a clinical interview may be used in future studies to explore the sensitivity and specificity of the GAD-7 in the academic setting. The inclusion of functional measures for a more robust test of the tool's construct validity could also be explored in future researches and, particularly, the association between domains of quality of life and generalized anxiety disorder, which is well established 48 . Finally, we recommend that the multidimensional structure of GAD-7 should be examined in other clinical and non-clinical conditions using CFA procedures, since most studies fail in this analysis. 
